Strengths and limitations of this study
► Population-based cohort study including 98% of all working-aged men diagnosed with prostate cancer in Sweden. ► All sick leave periods compensated by the Swedish Social Insurance Agency were included. ► Treatment strategies were not randomly assigned.
AbStrACt
Objectives To compare the loss of working time due to sick leave by treatment strategy for localised prostate cancer.
Design Nationwide cohort study. Setting Sweden. Participants A total of 15 902 working-aged men with localised low or intermediate-risk prostate cancer diagnosed during 2007-2016 from the Prostate Cancer Data Base Sweden, together with 63 464 prostate cancerfree men. Men were followed until 2016. Primary and secondary outcome measures Using multistate Markov models, we calculated the proportion of men on work, sick leave, disability pension and death, together with the amount of time spent in each state. Allcause and cause-specific estimates were calculated. results During the first 5 years after diagnosis, men with active surveillance as their primary treatment strategy spent a mean of 17 days (95% CI 15 to 19) on prostate cancer-specific sick leave, as compared with 46 days (95% CI 44 to 48) after radical prostatectomy and 44 days (95% CI 38 to 50) after radiotherapy. The pattern was similar after adjustment for cancer and sociodemographic characteristics. There were no differences between the treatment strategies in terms of days spent on sick leave due to depression, anxiety or stress. Five years after diagnosis, over 90% of men in all treatment strategies were free from sick leave, disability pension receipt and death from any cause. Conclusions Men on active surveillance experienced less impact on working life compared with men who received radical prostatectomy or radiotherapy. From a long-term perspective, there were no major differences between treatment strategies. Our findings can inform men diagnosed with localised prostate cancer on how different treatment strategies may affect their working lives.
IntrODuCtIOn
The majority of men diagnosed with prostate cancer have localised low or intermediaterisk disease. 1 2 Decisions on their management are multifaceted and difficult since the choice of treatment involves a balance between the potential benefits and potential harms over a long period of time. Radical therapy (radical prostatectomy or radiotherapy) is one treatment option; however, it may result in side effects such as erectile dysfunction, urinary incontinence and bowel problems. 3 In men with low-risk characteristics, current guidelines recommend active surveillance, a management strategy with few side effects and little or no survival disadvantage. 4 However, living with an untreated malignancy can be a psychological burden. Approximately one-third of men who start active surveillance convert to radical therapy within 5 years after diagnosis, of which 20% have no sign of progression. 5 6 A period of sick leave is common after treatment for prostate cancer. Previous studies have demonstrated that radical prostatectomy generally requires up to 7 weeks of postoperative sick leave. [7] [8] [9] Radical prostatectomy can also have a long-term negative impact on employment and work, with fatigue, additional cancer treatment and bother from urinary leakage reported as independent predictors. 10 Men undergoing radiotherapy may also require sick leave during the course of treatment: a previous study found that the proportion of men on sick leave was 50% during both the first and last 5 weeks of treatment. 11 To our knowledge, no previous study has examined the patterns of sick leave in men on active surveillance, and few studies to date have examined sick leave beyond the first year of diagnosis.
Open access
To examine how the choice of treatment influences working life, we calculated the treatment-specific loss of working time due to sick leave in men with localised prostate cancer in a nationwide setting. We included a comparison with men who were prostate cancer free. Both all-cause and prostate cancer-specific sick leave were examined, as well as sick leave due to depression, anxiety and stress. We also quantified the impact of secondary treatments (non-adjuvant radical therapy or androgen deprivation therapy (ADT)) on sick leave, hypothesising that men with secondary treatments account for a significant proportion of reported sick leave during later parts of the follow-up.
MAterIAlS AnD MethODS
This nationwide, population-based cohort study includes men in the National Prostate Cancer Register of Sweden (NPCR), which includes 98% of all men diagnosed with prostate cancer in Sweden. 12 In the Prostate Cancer Data Base Sweden (PCBaSe), data on cancer characteristics in the NPCR have been linked to other Swedish health and population registers. 13 14 In addition to the prostate cancer cases, PCBaSe also includes five prostate cancerfree men per case matched on birth year and place of residence.
Information was extracted from PCBaSe on all men aged <65 years at diagnosis, with low-risk (T1-2, Gleason Grade Group (GGG) 1 and prostate-specific antigen (PSA) <10 ng/mL) or intermediate-risk (T1-2, and GGG 2-3 and/or PSA 10 to <20 ng/mL) prostate cancer diagnosed between 1 January 2007 and 31 December 2016 and with active surveillance, surgery or radiotherapy as the primary treatment strategy (n=19 342), together with matched prostate cancer-free men. Exclusion criteria were previous receipt of disability pension, sick leave 1 month prior to diagnosis and not in paid work in the year before diagnosis, resulting in a final study population of 15 902 men with low and intermediate-risk prostate cancer and 63 464 prostate cancer-free men (corresponding to an average of four controls per case).
Information on the primary treatment strategy was extracted from the NPCR, which records treatment initiated within the first 6 months of diagnosis. We also obtained information on subsequent radical therapy using data from the National Patient Register and the Retrospective Collection of Data on Radiotherapy (RETRORAD), as previously described. 13 Use of ADT due to disease progression was also recorded, identified by a filled prescription of an antiandrogen or a GnRH agonist in the National Prescribed Drug Register or a surgical orchiectomy in the National Patient Register (disregarding receipt of neoadjuvant or adjuvant ADT).
The primary outcome was part-time or full-time sick leave as registered in the national database kept by the Swedish Social Insurance Agency, which had been linked to the NPCR. The Swedish Social Insurance Agency grants sickness benefits to individuals with an income from work in Sweden when those individuals have a reduced work capacity due to disease or injury. Sickness benefits are granted up to age 65 years, although older individuals can claim a restricted number of days. The Social Insurance Agency also grants disability pension to individuals aged 30-64 years in case of permanently reduced work capacity. Since the employer usually pays the first 2-14 days of a sick leave period, sick leave periods shorter than 15 days were not included in the present analysis. Both all-cause and prostate cancer-specific (International Classification of Diseases 10th Revision code C61) sick leave and disability pension receipt were studied, as well as sick leave due to depression (F32-F34, F38-F39), anxiety (F40-F42, F45, F48) and stress-related conditions (F43). All diagnoses were primary diagnoses obtained from the sick leave certificate issued by the physician. Causespecific death obtained from the Swedish Cause of Death Register was also included in the analysis.
Statistical analysis
All men were followed from the date of diagnosis until age 65, death, emigration or end of follow-up (31 December 2016), whichever event came first. In order to take both repeated sick leave periods and competing events (ie, receipt of disability pension and death) into account, we extended the standard survival approach and created a reversible multistate Markov model with the following states: work, sick leave, disability pension receipt and death (similar to the model of Gran et al). 15 All men started in the working state and transitions (ie, change of state) were possible from work into all of the other states, from sick leave back to work, disability pension receipt, or death, and from disability pension receipt to death. (See online supplementary figure 1 and online supplementary table 1 for an illustration of the multistate model.) Time since diagnosis was the underlying time scale. In cause-specific analyses, one state was included for each cause and outcome. (See online supplementary figure 2 and online supplementary table 2 for an illustration of the cause-specific multistate model.) Transitions between different diagnoses within a sick leave period were not possible to take into account because only the first diagnosis was recorded. To study the impact of secondary treatment, we extended the multistate model to include separate, time-dependent sick leave states for continued initial treatment strategy or conversion to radical or secondary treatment.
Stratified by initial treatment strategy, transition probabilities and 95% CIs were calculated using the nonparametric Aalen-Johansen estimator. 16 Length of stay in each state during the first 5 years (1825 calendar days) of diagnosis was calculated by numerical integration, using the bootstrap to obtain 95% CI. To take covariates into account, we also fitted flexible parametric regression models to each transition in the cause-specific multistate model and predicted differences in length of stay on sick leave for specified covariate patterns. 17 (See online  supplementary table 3 for full model specification.) The following covariates were adjusted for in the full model: age at diagnosis (<55, 55-59, 60-64), calendar period of diagnosis (2007-2009, 2010-2012, 2013-2016) , region of residence (six geographical areas), education (low (0-9 years), middle (10-12 years), high (>12 years)), income (based on the income distribution of prostate cancer-free men (1%-20%, 21%-40%, 41%-60%, 61%-80%, 81%-100%), prior sick leave (no, yes), T stage (T1, T2), PSA (<4, 4-9, 10-19 ng/mL) and GGG (1, 2, 3) . Covariates were selected based on previous literature 7 8 10 18 and availability of data. For these reversible Markov models, the marginal transition probabilities from study entry are consistently estimated for both Markov and non-Markov data. [19] [20] [21] Length of stay is a function of the transition probabilities from study entry and is also consistently estimated.
All analyses were performed using R (V.3.4.2) and STATA software (V.15.0/IC; StataCorp, College Station, TX).
Patient and public involvement
There was no patient or public involvement in the design or planning of this study.
reSultS
Of a total of 15 902 men diagnosed with low or intermediaterisk prostate cancer, 5361 (34%) were initially managed with active surveillance, 8938 (56%) underwent primary radical prostatectomy and 1603 (10%) received primary radiotherapy. Baseline characteristics varied by treatment strategy, with fewer adverse cancer characteristics (in terms of clinical T stage, serum PSA and GGG) among the men managed with active surveillance (table 1) . Eighty-five per cent of men managed with active surveillance were in the low-risk category, compared with 42%-43% of men in the two other treatment strategies. Men who received radiotherapy tended to have more adverse cancer characteristics, have less formal education and were more likely to have had prior sick leave.
Probabilities of work, sick leave, disability pension receipt and death according to initial treatment strategy and time since diagnosis are presented in figure 1 . (See online supplementary tables 1 and 2 and online supplementary table 4 for tabular presentations of number of events, probabilities and median follow-up time.) In men treated with radical prostatectomy or radiotherapy, the proportion of men on sick leave was markedly increased in the first year of diagnosis. Compared with prostate cancerfree men, all treatment strategies had higher proportions of men on sick leave at almost all of the time points examined. Five years after diagnosis, the percentage of men free from sick leave, disability pension receipt and death was 94% in men initially on active surveillance, 94% in men treated with radical prostatectomy and 92% in men who received radiotherapy, as compared with 94% in prostate cancer-free men. Differences between treatment strategies were mainly due to causes other than prostate cancer.
During the first 5 years after diagnosis, men on active surveillance spent a mean of 17 days (95% CI 15 to 19) on prostate cancer-specific sick leave, compared with 46 days (95% CI 44 to 48) after radical prostatectomy and 44 days (95% CI 38 to 50) after radiotherapy (table 2) . The number of workdays lost due to prostate cancer-specific disability pension receipt or prostate cancer-specific death was low for all treatment strategies. These patterns were similar after stratification by risk category (online supplementary table 5).
After adjustment for both cancer and sociodemographic characteristics, men treated with radical prostatectomy spent on average 24 (95% CI 21 to 28) additional days on prostate cancer-specific sick leave compared with men on active surveillance with otherwise similar characteristics (table 3) . Correspondingly, men treated with radiotherapy spent 21 (95% CI 16 to 26) additional days on prostate cancer-specific sick leave compared with men on active surveillance. There were no differences between the treatment strategies in terms of days spent on sick leave due to depression, anxiety or stress, but receipt of radiotherapy was associated with additional days on sick leave due to other reasons.
We further calculated the number of sick leave days associated with subsequent radical therapy and receipt of secondary treatment indicating disease progression ( figure 2 and table 4 ). Although only 32% of men initially on active surveillance converted to radical therapy, these men accounted for virtually all prostate cancer-specific sick leave (15 out of 17 days). In contrast, men with disease progression after radical prostatectomy (14% of all men) only accounted for a small amount of prostate cancer-specific sick leave (7 out of 46 days) within the first 5 years after diagnosis. However, this changed with increasing follow-up time: from year 5 onwards, men with disease progression accounted for nearly all prostate cancer-specific sick leave (online supplementary table 6). A similar pattern was observed in men treated with radiotherapy.
DISCuSSIOn
In this nationwide study of men with localised low and intermediate-risk prostate cancer, active surveillance was the management strategy with the least impact on working life. In the first 5 years of diagnosis, men on active surveillance spent on average 17 days on prostate cancer-specific sick leave, which was less than half as many sick leave days associated with primary radical prostatectomy (46 days) or radiotherapy (44 days). The pattern was similar after adjusting for cancer and sociodemographic characteristics. From a long-term perspective, there were no major differences between treatment strategies in terms of influence on work at 5 years.
The use of active surveillance has increased over time and now represents the dominant treatment strategy in Prostate cancer 0 (0 to 1) 1 (0 to 2) 1 (0 to 2) 0 (0 to 0) men with low-risk prostate cancer. [22] [23] [24] While other studies have reported on functional outcomes and quality of life, [25] [26] [27] our study is the first to describe and quantify the impact of active surveillance on sick leave and disability pension receipt. In our study, men who remained on active surveillance had virtually the same amount of sick leave days as prostate cancer-free men. Men who subsequently converted to radical therapy accounted for almost all of the days on prostate cancer-specific sick leave. The remaining excess in days lost from work in men on active surveillance were due to other diseases: men on active surveillance had the highest proportion of death from other causes, which may reflect that some men were on active surveillance due to a high comorbidity burden. 28 There is a concern that being on active surveillance is associated with increased risk of psychological distress. 29 Although we observed slightly increased levels of sick leave due to depression, anxiety and other stress-related disorders among men in all treatment strategies compared with prostate cancer-free men, our findings also suggest that advanced cancer characteristics, and not initial treatment strategy, is the key driver. Most previous studies have not found evidence of an increased risk of mental health problems among men on active surveillance, 26 30 whereas advanced prostate cancer stage has been linked to anxiety-related hospitalisations 31 and even suicide. 32 This suggests that men with more advanced prostate cancer may benefit from targeted psychosocial interventions.
The consequences of treatment choice on working life seem to be strongest during the first year after diagnosis, during which around 60%-80% of men treated for prostate cancer have at least one period of sick leave. 8 11 Depending on the type of surgery, the median time to return to work after radical prostatectomy has been reported to be between 35 and 48 days. 8 9 18 In the present study, men treated with radical prostatectomy spent on average 46 days on prostate cancer-specific sick leave in the first 5 years after diagnosis. From both our analysis and previous studies, it is clear that most sick leave days can be attributed to the time immediately after surgery. Although treatment for prostate cancer can have long-term consequences on urinary, sexual and bowel function, 33 more than 90% of men in the present study who were treated radically were free from sick leave, disability pension receipt and death 5 years after diagnosis, similar to the corresponding proportion in age and residency-matched prostate cancer-free men. Our estimates are largely in agreement with the few earlier studies with comparable data. 10 11 In those studies, 91% of men treated with radiotherapy were back to work 1 year after diagnosis, 11 and 88% of men treated with radical prostatectomy remained in the workforce 3 years after diagnosis. 10 Although adverse events such as urinary leakage seem to have an impact on work in the first years following diagnosis, 10 34 our study indicates that it is mainly men with cancer progression and secondary treatments that are on sick leave from 5 years after their prostate cancer diagnosis.
Open access
Limitations of our study included the non-randomised design, lack of data for sick leave periods less than 15 days and no detailed information on unemployment and early old-age retirement. From age 61 years, all men with an income from work can obtain old-age pension from the Swedish Pension Agency, although over 80% chose to retire after age 65. 35 In the present study, a proportion of men classified as being in the workforce will thus be retired or unemployed, or be on short-term sick leave. Because of the non-randomised design and possible confounding by indication, the data at hand cannot be used for direct comparisons of treatment groups. While the pattern of sick leave in men on active surveillance was strikingly different from that of men with radical therapy, comparisons between radical prostatectomy and radiotherapy should not be made without taking the uneven distribution of baseline characteristics into account, which may not be possible to fully account for using regression adjustment. We included several important sociodemographic and clinical factors in the analysis, but lacked information on factors not captured by national registers, including factors related to workload and work environment. Furthermore, the present analysis does not distinguish between part-time and full-time sick leave. Future studies should address the influence of choice of treatment strategy on part-time sick leave, and include shorter sick leave periods.
A major strength of our study was the use of a population-based register covering virtually all men with prostate cancer in Sweden, cross-linked to several other national registers. We were able to study all sick leave periods longer than 14 days and all periods with disability pension receipt, with information on the underlying diagnosis for the absence from work. The use of multistate Markov models allowed us to account for the complexity of the data with repeated events and competing risks. We have presented both non-parametric (unadjusted) and parametric (adjusted) estimates, which complement each Depression, anxiety, stress
All men 9 (7 to 12) 10 (8 to 12) 12 (7 to 17) None 6 (4 to 8) 9 (7 to 11) 12 (7 to 17) RT 1 (0 to 1) 1 (0 to 1) other in terms of underlying assumptions and covariate control. Although the level of sick leave varies between countries because of legislation and entitlement to benefits, our main findings are generalisable also to several other countries. Since prostate cancer treatment and treatment side effects can be expected to be similar across countries, the relative impact on working life is likely to be in the same direction even when the underlying proportions of sick leave are different.
COnCluSIOnS
In conclusion, participation in working life was strongly related to treatment type in men with localised prostate cancer, especially in the first year after diagnosis. Men on active surveillance had the fewest sick leave days, whereas radical therapy was associated with considerably more days away from work. During subsequent follow-up, only a small proportion of men within all treatment strategies were on sick leave or disability pension, with cancer progression as a major underlying reason. Our findings add to the understanding of the consequences of treatment-related side effects, and provide absolute measures of sick leave that are easy to understand. Our findings can inform men diagnosed with localised prostate cancer on how different treatment strategies may affect their working lives.
